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Methods of Chemical Analysis of Ferrous Metals Sectional Committee, MTD 2 



FOREWORD 

This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Methods of Chemical Analysis of Ferrous Metals Sectional Committee had been approved by the 
Metallurgical Engineering Division Council. 

This standard was first published in 1964, This standard was revised and Parti was published covering 
determination of silicon by gravitation method, and other parts covering calcium were under preparation. It 
has now been decided to revise the complete standard covering all the parts incorporating the experiences 
gained during the period. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2:1960 'Rules for rounding off numerical values {revised)'. The number of significant places retained 
in the rounded off value should be the same as that of the specified value in this standard. 



IS 2018 : 1998 



Indian Standard 

CHEMICAL ANALYSIS OF CALCIUM SILICON 

( Second Revision ) 



1 SCOPE 

This standard covers methods of chemical analysis of 
calcium silicon in the range of elements specified in 
IS 2022. 

2 REFERENCES 

The following Indian Standards are necessary adjuncts 
to this standard: 



IS No. 

264 : 1976 
265: 1993 
266: 1993 
460 



Title 

Nitric acid (second revision) 

Hydrochloric acid (fourth revision) 

Sulphuric acid (third revision) 

Test sieves : Part 1 Wire cloth test 
(Part 1) : 1985 sieve (third revision) 

1 070 : 1 992 Reagent grade water (third revision) 



1472 : 1977 

2022: 1996 
3 SAMPLING 



Methods of sampling ferro alloys 
(first revision) 

Calcium silicon (third revision) 



Samples shall be drawn and prepared in accordance 
with IS 1472. 

4 QUALITY OF REAGENTS 

Unless specified otherwise, analytical grade reagents 
and reagent grade water (see IS 1070) shall be employed 
for the tests. 

5 DETERMINATION OF SILICON BY THE 
GRAVIMETRIC METHOD (SILICON RANGE 55 
TO 65 PERCENT) 

5.1 Outline of the Method 

The sample is decomposed by fusion with sodium 
hydroxide. Complete dehydration of silica is affected 
by double baking of the acidified extract. Silica is 
then determined by hydrofluorization. 

5.2 Reagents 

5.2.1 Sodium Hydroxide, pellets. 

5.2.2 Dilute Hydrochloric Acid, 1:1 and 1:20 (v/v). 

5.2.3 Hydrochloric Acid, rd =1.16 (conforming 
to IS 265). 



5.2.4 Dilute Sulphuric Acid, 1:1 (v/v). 

5.2.5 Hydrofluoric Acid, 48 percent. 
5.3 Procedure 

5.3.1 Place 8 to 10 g of sodium hydroxide pellets 
in a nickel crucible, heat to remove water and cool. 
Transfer 0.5 g of the dried and finely powdered sample 
to the crucible. Cover the crucible with lid and place 
it on a hot plate until the contents melt down and 
reaction ceases. Then carefully transfer the crucible 
to a muffle furnace and heat for about 5 minutes at 
500 to 600"C. Remove the lid and rotate the crucible 
carefully so as to stir up any unreacted particles 
adhering to the bottom and sides. Then heat the crucible 
for another 5 minutes. Spread the melt uniformly on 
the sides and bottom of the crucible by slowly rotating 
it and allowing the melt to cool to room temperature. 

5.3.2 Slowly transfer the crucible with its solidified 
melt to a 500 ml PTFE beaker. When the reaction 
has subsided, take out the crucible, wash thoroughly 
first with dilute hydrochloric acid (1:1) and finally 
with water. Acidify with hydrochloric acid. Then 
transfer to a glass beaker and evaporate to dryness 
on a hot plate and finally bake for an hour at 110 
to 120°C. 

5.3.3 Redissolve the baked mass in 60 ml of 
hydrochloric acid (1:1) by warming, and dilute with 
140 ml of hot water. Heat to boiling, allow the residue 
to settle down and filter through medium textured 
filter paper. Wash 4 to 5 times alternately with hot 
dilute hydrochloric acid (1:20) and hot water, till the 
washings are free from chlorides. Preserve the filter 
with residue (R { ). 

5.3.4 To the titrate obtained under 5.3.3 add 30 ml 
of hydrochloric acid (HC1), evaporate to dryness and 
finally bake on a hot plate for an hour at HOC to 
120°C. Allow to cool, redissolve as before, filter and 
preserve the residue (R 2 ). Ignite the residues (R { ) 
and (R 2 ) in a platinum crucible at a low temperature 
until the filter paper is fully incinerated. Then slowly 
raise the temperature and finally heat at 1 100°C to 
constant mass. Cool in a desiccator and weigh. 

5.3.5 Moisten the residue in the platinum crucible 
with 5 drops of dilute sulphuric acid (1:1), add carefully 
10 ml of hydrofluoric acid and slowly evaporate to 
dryness. Ignite at 1 100°C, cool and weigh. 

5.3.6 Carry out a blank determination following 
same procedure as specified in 7.1 to 7.5 and using 
the same quantities of all reagents, but without the 
sample. 
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5.4 Calculation 

(A - B) - C 
Silicon, percent by mass = x 46.74 



D 



where 



A - mass, in g, of crucible before hydro- 

fluorization; 
B - mass, in g, of crucible after hydro- 

fluorization; 
C - mass, in g, of crucible from the blank; 

and 
D - mass, in g, of the sample taken. 

6 DETERMINATION OF CALCIUM BY 
EDTA (TITRIMETRIC) (REFEREE) METHOD 
(CALCIUM RANGE 25 TO 35 PERCENT) 

6.1 Outline of the Method 

After dissolution of the sample in nitric and 
hydrofluoric acids, an ammonium hydroxide 
precipitation is made to separate other elements from 
calcium which is then titrated in separate aliquot 
portions after adding triethanolamine and potassium 
cyanide to mask residual traces of iron, copper, nickel 
manganese and aluminium that may be present. 
Calcium is titrated with disodium ethylene dinitrilo 
tetra acetate (EDTA) at pH 12. 

6.2 Reagents 

6.2.1 Nitric Acid, rd = 1.42 (conforming to IS 264). 

6.2.2 Hydrofluoric Acid, 48 percent. 

6.2.3 Perchloric Acid, 70 percent. 

6.2.4 Dilute Hydrochloric Acid, (1:1). 

6.2.5 Ammonium Chloride, solid. 

6.2.6 Ammonium Hyroxide 

6.2.1 Magnesium Chloride Solution (2.5 g/1). 

Dissolve 0.25 g of magnesium chloride hexahydrate 
in 50 ml of water and dilute to 100 ml. 

6.2.8 Triethanolamine Solution (200 ml/1). 
Dilute 20 ml of triethanolamine to 100 ml with water. 

6.2.9 Potassium Hydroxide Buffer Solution (pH 12.5) 

Dissolve 531 g of potassium hydroxide in water, add 
50 g of potassium cyanide and dilute to 1 litre. Store 
the solution in a plastic bottle. 

NOTE — The preparation, storage and use of potassium cyanide 
require care and attention. Avoid inhalation of fumes and 
exposure of the skin to the chemical and its solution. Working 
in a well ventilated hood. 

6.2.10 Hydroxy Naphthol Blue, Eriochrome Black T, 
etc. 

Mix 1 .0 g of indicator with 100 g of sodium chloride 
and mix thoroughly. 



6.2.11 Standard Calcium Solution (1 ml = 0.2 mg Ca) 

Dissolve 0.500 g of dried calcium carbonate (purity: 
99.9 percent, Min) in 100 ml of 5 percent hydrochloric 
acid. Boil for 1 minute. Cool, transfer to 1 litre 
volumetric flask and mix. 

6.2.12 Disodium Ethylene Dinitrilo Tetra Acetate 
Dihydrate (EDTA) Standard Solution (0.05M) 

Dissolve 18.613 g of EDTA in water, transfer to 1 
litre volumetric flask, dilute to volume and mix well. 
Transfer 25 ml of standard calcium solution (6.2.11) 
to a 250 ml beaker, add one ml of magnesium chloride 
solution (6.2.7) and 100 ml of water and proceed as 
per the procedure specified in 6.3. 

6.3 Procedure 

6.3.1 Weigh accurately 1.0 g of sample and transfer 
to a 500 ml PTFE beaker. Add 10 ml of nitric acid 
and 10 ml of hydrofluoric acid cautiously and heat 
gently till the sample dissolves. Wash the sides of 
the beaker with a fine stream of water. Add 20 ml 
of perchloric acid. Place on a hot plate and evaporate 
to dense white fumes of perchloric acid, Cool, add 
1 ml dilute hydrochloric acid (1:1) and heat to dissolve 
the salts. Transfer to a 600 ml beaker and evaporate 
to moderate dryness on a hot plate. Place it on wire 
gauze over a burner and evaporate to complete dryness. 
Add 20 ml of dilute hydrochloric acid (1:1), wash the 
sides of beaker with a stream of water and heat to 
dissolve the salts. 

6.3.2 Add 200 ml of water and 5 g of ammonium 
chloride. Boil and cool. Add ammonium hydroxide 
until the precipitation of iron is complete. Cool to 
room temperature. Transfer to a 500 ml volumetric 
flask, dilute to volume, and mix well. Let it stand 
for one hour to allow the precipitate to settle. 

6.3.3 Filter about 200 ml of above solution, through 
a dry medium textured filter paper into a dry beaker. 

6.3.4 Using a pipette, transfer 50 ml of the above 
solution (6.3.3) to a 250 ml beaker, add 1 ml of 
magnesium chloride solution and 8 ml of 
triethanolamine solution, stir and immediately add 5 
ml of potassium hydroxide buffer solution. Add a 
pinch of indicator mixture. Titrate with standard EDTA 
solution (0.05M), to the disappearance of last trace 
of the red colour. 



6.3.5 Calculation 



Calcium, percent by mass = 



(A-B) x M x 0.04 



m 



where 



A - volume, in ml, of EDTA solution required 
to titrate; 

B = volume, in ml, of EDTA solution required 
to titrate the blank; 

M = molarity of EDTA; and 

m - mass, in mg, of the sample represented by 
the final aliquot. 



7 DETERMINATION OF CALCIUM BY 
OXALATE (ALTERNATE) METHOD 
(CALCIUM RANGE 25 TO 35 PERCENT) 

7.1 Outline of the Method 

After dissolution of the sample in nitric and hydro- 
fluoric acids, an ammonium hydroxide precipitation 
is made to separate other elements from calcium. 

The calcium is precipitated as calcium oxalate in an 
aliquot, filtered, washed free of oxalates, dissolved 
in dilute, sulphuric acid and titrated with standard 
potassium permanganate solution. 

7.2 Reagents 

7.2.1 Ammonium Hydroxide 

7.2.2 Ammonium Oxalate, solid. 

7.2.3 Dilute Sulphuric Acid, 40 percent (v/v). 

7.2.4 Potassium Permanganate Solution, (0.1 N). 

Weigh 1 .6 g of potassium permanganate. Transfer 
to a 500 ml beaker, add 400 ml water, cover, heat, 
boil gently for 15-30 minutes. Allow to cool. Filter 
through a gooch crucible with pad of purified asbestos. 
Collect the filtrate in a 500 ml flask, make up to the 
mark. Store in dark. 

Dry sodium oxalate at 105- 1 10°C for 2 hours and cool 
in a desiccator. Weigh out 0.3 g into 600 ml beaker, 
add 240 ml water, and 12-15 ml of sulphuric acid- 
Cool, add 90-95 percent of the required potassium 
permanganate, with stirring. Heat to 50-60°C Titrate 
to faint pink colour and correct for the blank. 

7.3 Procedure 

For dissolution of sample follow the procedure as 
given in 6.3.1 to 6.3.3. 

7.3.1 Using a pipette, transfer 50 ml of the solution 
(6.3.3) to a 250 ml beaker, dilute to 150 ml. Add 2 
ml of ammonium hydroxide, heat to boil, add 2 g of 
ammonium oxalate, and 2 ml of ammonium hydroxide. 
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Allow the precipitate to settle at temperature not more 
than 60°C. 

7.3.2 Cool and filter the precipitate, through medium 
texture filter paper and wash with distilled water until 
the precipitate is free from oxalate. 

NOTE — Oxalates shall be assumed to be free when 10 ml 
of the filtrate containing one ml of dilute sulphuric acid does 
not decolourize with one drop of potassium permanganate 
solution (0.1 N). 

7.3.3 Puncture the filter paper and collect with a jet 
of hot dilute sulphuric acid and washings in the original 
beaker, where the precipitation was initially made. 
Ensure that at least 50 ml of hot dilute sulphuric acid 
has been used to dissolve the precipitate quantitatively 
and wash the filter paper thoroughly with hot water. 
Heat the solution to 50 to 60°C and titrate with standard 
potassium permanganate solution, until permanent pink 
colour persists. 



7.4 Calculation 



Calcium, percent by mass = - 



where 



V x N x 0.02 x 100 



M 



V= volume, in ml, of the standard 
permanganate solution consumed; 

N = normality of the standard permanganate 
solution; and 

M = mass, in g, of the sample represented by 
the final aliquot. 

8 DETERMINATION OF CARBON BY 

THE DIRECT COMBUSTION (GRAVIMETRIC) 

METHOD 

8.1 Outline of the Method 

The sample is burnt in a stream of pure oxygen, and 
the resulting carbon dioxide is absorbed in soda 
asbestos after removal of the contaminants. The 
increase in weight of the absorbent is proportional 
to the carbon content of the sample. 

8.2 Apparatus 

The assembly of apparatus is shown in Fig. 1. 



PYROMCiTiEft 



fONmeDAsBeros 




Fig. 1 Apparatus for Determination of Carbon (Total) by 
the Direct Combustion (Gravimetric) Method 



3 



IS 2018 : 1998 

8.2.1 Source of Oxygen Supply 

Gas holder (A) (capacity 8 to 10 litres) containing 99.5 
percent oxygen, free from carbonaceous matter, 
connected by rubber tubing with the gas purifying 
train. 

8.2.2 Oxygen Purification Train 

Consists of Arnold bottles (B) and (Q, the latter 
containing concentrated sulphuric acid, the exit bulb 
of which is packed with glass wool and another 
absorption bottle (D) containing soda asbestos which 
passes through IS Sieve 140 but is retained on IS Sieve 
50 [see IS 460 (Part 1)] and 'anhydrone* in layers, 
connected in series between the gas holder and the 
inlet end of the combustion tube. A layer of about 
12 mm of anhydrone is placed on top for removing 
moisture in the gas and the soda asbestos removes 
carbon dioxide in the gas. 

8.2.3 Furnace 

A horizontal tube furnace (E) which can be heated 
to a maximum of 1 200°C. 

8.2.4 Combustion Tube 

A combustion tube approximately 650 mm long and 
of 20 mm inner diameter made of fused silica, fireclay 
or any other suitable material, should be used. In the 
exit end of the tube an ignited asbestos plug 75 mm 
long is placed lightly to retain ferric oxide carried over 
by the gas stream. 

8.2.5 Combustion Boat 

Consists of an Arnold bottle (F) to prevent back suction, 
a gas absorption bottle (G) filled with chromic 
anhydride in dilute sulphuric acid 2: 1 (v/v) to remove 
oxides of sulphur from the gas stream, a bottle (H) 
containing about 40 ml of sulphuric acid to remove 
most of the moisture from exit gas. The exit end of 
this bottle is filled with glass wool to remove sulphuric 
acid. A tube (J) containing 'anhydrone' or any other 
suitable desiccant and carbon dioxide absorption bottle 
(K) (80 ml capacity) containing a layer of soda asbestos 
or ascarite, which should be uniformly graded and 
evenly packed with a layer of anhydrone on the top, 
all connected in series with the exit end of the 
combustion furnace and the atmosphere. The fillings 
in bottle (K) are held in position by small plugs of 
glass wool. A bottle (L) packed similarly to bottle 
(K) acts as a guard against atmospheric gases. Its 
exit end is attached to a flowmeter. Bottle (F), (G) 
and (H) may be replaced by a Midvale or Nesbitt bulb 
(N) containing precipitated manganese dioxide over 
ignited asbestos. 

8.3 Reagents 

8.3.1 Sulphuric Acid, rd 1.84 (conforming to IS 266). 

8.3.2 Dilute Sulphuric Acid, 2:98 (v/v). 



8.3.3 Chromic Sulphuric Acid Solution 

Saturate 100 ml of dilute sulphuric acid (2:1) with 
chromic anhydride, 

8.3.4 Manganese Sulphate, solid. 

8.3.5 Ammonium Hydroxide, rd 0.90. 

8.3.6 Ammonium Persulphate Solution, 25 percent 
(w/v). 

8.3.7 Precipitated Manganese Dioxide 

a) Dissolve 200 g of manganese sulphate in 2 500 
ml of water, add ammonium hydroxide until 
ammonical, followed by 1 000 ml of freshly 
prepared ammonium persulphate solution (25 
percent) and heat to boiling. Boil for 10 minutes, 
adding more of ammonium hydroxide to maintain 
the ammoniacal condition. Further addition of 
solutions of ammonium persulphate and ammonium 
hydroxide may be required until precipitation is 
judged to be complete. 

b) Discontinue boiling and allow the precipitate to 
settle. Wash by decantation 6 to 8 times with 500 
to 600 ml portions of water, allowing the precipitate 
to settle completely between washings. Finally, 
wash 2 to 3 times by decantation with 500 to 600 
ml portions of dilute sulphuric acid. Transfer the 
precipitate to a Buchner funnel and wash with hot 
water until free from sulphates. Dry the residue 
at 105 to 110"C, grind to pass IS Sieves 85 to 70 
(aperture 842 to 708 microns) and again dry 
thoroughly at 105 to 110°C. 

8.3.8 Soda Asbestos 

It should be graded to IS Sieves 140 to 50 (aperture 
1 405 to 500 microns). 

8.3.9 Anhydrone or Magnesium Perchlorate 
The supply bottle should be well stoppered. 

8.3.10 Red Lead or Lead Chr ornate 

This should be of assay grade and 0.127 mm in 
thickness mesh size. 

8.3.11 Magnesite Brick Powder 

Magnesite brick powder which has passed through IS 
Sieve 50 (aperture 500 microns) shall be used for 
spreading in the boat on which the sample is to be 
placed before combustion. This powder shall be 
calcined in the open muffle furnace prior to use, in 
order to eliminate any carbonaceous matter. 

8.4 Procedure 

8.4.1 Heat the furnace to a temperature around 
1 200"C. Determine the temperature by a standard 
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thermocouple type pyrometer. Before starting an 
analysis, test the apparatus for any leaks. Pass a slow 
stream of oxygen for about 15 minutes through the 
whole train of the apparatus. 

8.4.2 Weigh the carbon dioxide absorption tubes till 
constant weight is obtained. 

8.4.3 Weigh accurately one gram of the sample and 
transfer to a previously ignited porcelain boat with 
3 g of red lead or lead chromate as flux, insert the 
boat quickly into the hot zone of the furnace, with 
rubber stopper replaced at the end of the combustion 
tube, wait for about a minute so that the boat attains 
the temperature of the furnace and pass a rapid stream 
(800 to 1 000 ml per minute) of oxygen for 10 minutes. 
At the end of this period, remove the carbon dioxide 
absorption bulb. Cool in a desiccator and weigh 



quickly. The increase in weight represents the weight 
of carbon dioxide. 

8.4.4 Carry out a blank determination. 

8.5 Calculation 

A - B 
Carbon, percent = x 27.29 



where 



A = weight, in g, of the carbon dioxide 
absorption tube after test; 

B= weight, in g, of the carbon dioxide 
absorption tube in the blank; and 

C~ weight in g of the sample taken. 
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